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Kinesin familymotors have a highly conserved set of residues at theATPbinding
pocket, yet members differ in their ATPase rate. The ATPase rate should thus be
determinednot onlyby conserved residues in contactwithATP, but allosterically
by other parts of themotor head.Weperform all-atommolecular dynamics (MD)
simulations of several different kinesin structures in ATP-like (ATP analog)
states with andwithout binding to tubulin.Model of the kinesin-tubulin complex
was built from either recent x-ray structure (PDB 4HNA) or sub-nanometer res-
olution cryo-EMstructures.Wefind that themotor head has an inherent tendency
to carry out a ‘see-saw’ motion so as to rotate into the ADP-like state. This ten-
dency results in generation of a pulling force on the gamma phosphate of ATP by
the switch-I domain. Differences in ATPase rates among kinesin families are
thus likely to be caused by different amount of torque generated by the tendency
of the motor head to rotate. In this process, the microtubule appears to increase
the torque by holding the kinesin motor head in a strained conformation.
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Kinesin is known as a dimeric motor protein, which carries cellular cargoes
along microtubules by hydrolyzing ATP. Its structure and the molecular mech-
anism of energy transduction to move along microtubule are well studied. The
kinesin has many possibility of application to the molecular machines. Previ-
ously, we introduced photochromic molecules into the functional key region
of the kinesin as a photoswitch and tried to control the function of kinesin by
ultraviolet (UV) and visible (VIS) light irradiations. The kinesin mutant
S275C modified with thiol reactive azobenzene derivative exhibited photocon-
trolled ATPase activity correlating to photo isomerization. We have also
demonstrated that kinesin fused with CaM at the C-terminal binds reversibly
to M13-Qdots in a calcium dependent manner. As mentioned above, kinesin
works as a nanodevice to be a component of bionanomachines. In this study,
we tried to prepare the molecular shuttles regulated by external stimulation uti-
lizing kinesin and other functional proteins. We designed the two chimeric
kinesins. One is the kinesin motor domain (K355) fused with calmodulin
(CaM) and the other is K355 fused with calmodulin target peptide M13. The
chimeras were expressed by E. coli. and purified by Co-Chelate column. These
kinesin chimeras showed normal ATPase activities. K355-CaM bound to
K355-M13 in a calcium dependent manner and formed dimer. The dimer
composed of the two chimeras induced exhibited motor activity to induce
microtubule gliding. Moreover, we also tried to prepare the chimeric kinesins,
K355-CaM-split GFP C-terminal domain and K355-split GFP N-terminal
domain to be dimerized and fluorescently labelled spontaneously.
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Kinesin motor proteins transport cargo along microtubule tracks to support
essential cellular functions including cell growth, axonal signaling and the sep-
aration of chromosomes during cell division. All kinesins contain one or more
conserved motor domains that modulate binding and movement along microtu-
bules via cycles of ATP hydrolysis. Important conformational transitions
occurring during this cycle have been characterized with extensive crystallo-
graphic studies. However, the link between the observed conformations and
the mechanisms involved in conformational change and microtubule interac-
tion modulation remain unclear. Here we describe a comprehensive principal
component analysis of 114 available motor domain crystallographic structures
supplemented with extensive unbiased conventional and accelerated molecular
dynamics simulations. This combined approach quantitatively assess the struc-
tural and dynamical features of distinct motor domain conformations, charac-
terizes the response to nucleotide hydrolysis and microtubule binding, and
probes the apparent allosteric link between functional sites. Simulations of
unprecedented length for this system reveal the atomic details of large scale
conformational transitions (most notably of the microtubule binding a4-a5,
loop8 subdomain, a2b-b4-b6-b7 motor domain tip and loop5 regions), as
well as novel dynamical couplings, of distal nucleotide and microtubule bind-
ing sites (mediated by loop7 and loop13). Our results also indicate that the
crystallographically reported ATP and ADP-like conformations of kinesin inisolation are intrinsically accessible regardless of nucleotide state. Comparison
with kinesin-tubulin simulations support a model where complex formation
and neck-linker docking leads to a tighter coupling of the microtubule and
nucleotide binding regions. Furthermore, mutational simulations highlight sites
potentially critical for conformational transitions and allosteric coupling that
are prime targets for experimental study.
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Based on a recent approach to understanding protein-based molecular motors
(1), we present computer simulations of a novel nanomotor concept dubbed
the Synthetic Kinesin Analog Motor Protein (SKAMP). SKAMP is a purely
diffusive linear motor consisting of four ligand gated DNA-binding (repressor)
proteins of two types, A and B, linked by three rigid coiled-coils (‘rods’) to
form a complex A1-A2-B2-B1, the length of the central rod being shorter
than the outer two. Directional stepping along a periodic DNA track is
maintained by a temporally periodic external chemical supply. Due to the
shorter central rod, SKAMP makes use of a mechanism analogous to that
used by kinesin which involves docking of a neck linker onto a motor domain.
This mechanism allows kinesin to reduce its diffusional search time for a
binding site. We use coarse-grained
Langevin Dynamics simulations in the
overdamped limit to study the detailed
motion of SKAMP when subject to a
load force, SKAMP acting as a shuttle
and the increase of SKAMP’s perfor-
mance by external feedback.
1. Bromley et al. HFSP Journal 3 204-
213 (2009).3944-Pos Board B672
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Recently, Czovek et al. established a complete, thermodynamically consistent
kinetic model for the two-headed homodimeric motor protein, kinesin. Compu-
tational simulations based on the model justified the crucial role of the confor-
mational changes of the neck-linkers (NLs, the peptide chains connecting the
two motor domains to the stalk) in the directional movement and force-
generation of conventional kinesin. The model was able to reproduce a large
number of experimental data (speed, dwell time distribution, randomness, proc-
essivity, hydrolysis rate, etc.) astonishingly well under normal as well as under
highly unphysiological conditions. Moreover, it enabled a more detailed decon-
volution of the mechanochemical cycle than it is experimentally possible.
Having such a powerful model, we have applied it to modified versions of
the wild-type kinesin, and reproduced (i) the speeds, processivities, and ATP
consumption rates of NL modified kinesin; and (ii) the force-velocity relation-
ship of the one-head-pulled kinesin. The good agreement between the simula-
tions and the experiments further justify the legitimacy of the model, which
thus provides a detailed understanding of the experimental observations and
the basic mechanism of the operation of kinesin.
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Kinesin-1walks alongmicrotubules by alternately hydrolyzingATPandmoving
two motor domains. Several recent studies have suggested that the strain devel-
oped through the neck linker is essential for the coordination between twomotor
domains, although the mechanism for the regulation of the motor domain’s
activity remains unknown. At the last annual meeting we employed disulfide-
crosslinking between cysteine residues introduced into the neck linker and the
motor domain to constrain the neck linker of a monomer in the forward or back-
ward extended conformation, and using single molecule fluorescent observation
we showed that detachment rate from the microtubule dramatically decreased
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further investigate the effect of crosslinking on the ATP hydrolysis kinetics,
we measured mant-ADP release after rapid mixing with microtubule and subse-
quent mant-ATP binding rates of the monomers. Stopped flow measurements
showed thatADP release andATPbinding rates did not change after constraining
in the backward extended conformation, suggesting that eitherATPhydrolysis or
Pi release step may be the rate-limiting. When the neck linker is constrained in a
forward extended conformation, ATP binding rate did not changed but the ADP
release rate dramatically decreased. These results suggest that ATP hydrolysis
cycle of the motor domain can be differently regulated depending on the direc-
tion of the neck linker tension, explaining the alternate catalysis in the dimer.
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Microtubules carry out numerous functions in the cell, one of which is to pro-
vide tracks along which microtubule motor proteins walk. In the cell, these
filaments often form complex architectures, such as microtubule bundles.
Distinct types of bundles can form depending on the orientation of microtu-
bules within the bundle. Bundles that consist of parallel microtubules are
found in axons, while bundles comprised of randomly oriented microtubules
are present in dendrites. Additionally, antiparallel microtubule arrays are
known to exist at the spindle midzone. How do motors navigate these
complex microtubule architectures? Here, we study the motility of single
kinesin-1 motors on different types of microtubule bundles in vitro. We pre-
pared three types of microtubule bundles: bundles with tightly packed,
randomly oriented microtubules formed by depletion forces; spaced, antipar-
allel bundles formed by the microtubule crosslinking protein, MAP65; and
endogenous parallel microtubule bundles derived from neuronal-like pro-
cesses of CAD cells. We observe that kinesin processivity and velocity are
reduced on tightly packed microtubule bundles. This reduction in motility is
likely due to staggered, overlapping microtubules within the bundle that act
as obstacles for motors. We do not observe reduced motility on microtubule
bundles with crosslinking MAPs. We suggest that spacing between microtu-
bules within a bundle created by MAPs organizes the bundle architecture to
prevent staggered, overlapping microtubules from acting as obstacles for kine-
sin motors. Interestingly, we observe single kinesin motors to switch to adja-
cent, oppositely oriented microtubules within bundles that contain antiparallel
microtubules. We show that motors that switch to adjacent tracks during a run
exhibit an enhanced processivity. This suggests that the ability of single
motors to switch to adjacent tracks could be a mechanism used by kinesin
to circumvent obstacles. This study provides new insights into how kinesin
motors navigate complex tracks present in the cell.
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The Mechanism of Determining the Directionality of NCD
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Kinesins are the unidirectional motor proteins, moving on microtubules and
being involved in various cellular functions. A motor domain of kinesin com-
prises the motor core: the ATPase catalytic site and MT-binding site, and the
neck region: adjacent to the motor core, and the N or C-terminal region: pro-
truding from the motor core. It is known that neck region and N or C-terminal
regions are essential for kinesin’s motor activity. Among the kinesin superfam-
ily, kinesin-1 moves toward the plus-end of the microtubule while Ncd is the
minus-end directed motor. This difference of directionality has long been
studied. A series of experiments using chimera motors whose components
are exchanged between kinesin-1 and Ncd demonstrated that the neck region
was the determinant of the directionality. However the chimera kinesin-1,
whose neck was exchanged with Ncd, also exchanged its C-terminal region
with Ncd. Thus, it is uncertain whether the C-terminal region of Ncd is the
determinant of the minus-ended directionality. To test this, we engineered other
chimeras. A chimera kinesin-1 having only the neck of Ncd did not change the
directionality. And another chimera kinesin-1 having both the neck and the
C-terminal region of Ncd changed into the minus-ended motor. These results
indicate that not only the neck but also the C-terminal region of Ncd is indis-
pensable to produce the minus-end directed motility. We then investigated
whether Ncd motor core itself has directionality. We engineered a mutant
Ncd whose neck was replaced with an artificial peptide, which is thought not
to interact with the motor core. This mutant showed the plus-ended direction-
ality. We conclude that Ncd motor core itself has ‘default’ plus-end direction-
ality and an appropriate interaction among the neck, the C-terminal region, and
the motor core of Ncd makes Ncd the minus-ended motor.3948-Pos Board B676
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Microtubules are microscopic tubular structures involved in a number of bio-
logical functions, such as cell division, intracellular transport, and mechano-
sensation. For particular functions, such as mechanosensation in C. elegans,
microtubule diameter, or equivalently protofilament number, is tightly regulated.
It is tempting to link microtubule diameter to microtubule bending rigidity, and
hence to mechanosensation. However, even the link between microtubule diam-
eter and rigidity remains unclear. Two particular challenges inmeasuringmicro-
tubule flexural rigidity as a function of diameter are the intrinsic heterogeneity in
microtubule structures in in vitro preparations, and the intrinsic heterogeneity in
microtubule rigidities measured for identically prepared microtubules.
In order to address these heterogeneities, we simultaneously determine micro-
tubule diameter and rigidity for single microtubules using statistical properties
gathered from a microtubule gliding assay. In this poster, we report a technique
we have developed to improve the precision of these measurements. The tech-
nique combines a microscope, integrated piezo-elements to control the sample
stage, and software to automatically track a single microtubule and reposition
the stage with nanometer precision to keep the microtubule centered within the
field of view. We have been able to effectively double the field-of-view in each
direction (from 30 micrometers to 60 micrometers), resulting in substantially
longer microtubule gliding trajectories while maintaining a tracking precision
on the order of 10 nm over the entire microtubule trajectory.
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Intracellular trafficking of membrane-bound organelles is a fundamental pro-
cess essential to many cellular functions including cell growth and signaling.
A variety of such organelles are transported by motor proteins such as kinesins,
dyneins and myosins, walking on cellular tracks made of microtubules and
actin filaments. Since studying the mechanical and biochemical functioning
of these transport systems inside the cell is extremely challenging, transport
is often mimicked in-vitro, for example by gliding motility assays. There, cyto-
skeletal filaments are propelled by motors that are conventionally immobilized
on a rigid substrate. In contrast, when transporting membrane-bound organelles
inside a cell the motors are diffusively anchored - either directly or via adaptor
molecules - to lipid bilayers. Such resulting ‘loose’ coupling may induce motor
co-ordination and is likely to change the collective motor dynamics.
In this study, we investigate the collective behavior of motor proteins anchored
to lipid bilayers. Using truncated kinesin-1 motors with a streptavidin-binding-
peptide tag we performed gliding motility assays on streptavidin-loaded
biotinylated supported lipid bilayers. Our results suggest a dependence of
the microtubule gliding velocity on both, the motor density as well as the
microtubule length. Based on measurements of the diffusion constants and
the velocity of motors and microtubules, a theoretical model is developed to
determine (i) the number of microtubule-attached motors and (ii) the force pro-
duced by an ensemble of motors.
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Intracellular cargo transport uses a combination of dynein and kinesin motors to
traverse along microtubule filaments in cells. It has been demonstrated that the
motion of cargo within a complex network of microtubules in live cells can be
viewed as a hindered random walk with correlation in the step size and dwell
times of successive steps (Tabei 2012). A mean zero random walk is surprising
considering that these processes are used for directed, unidirectional transport in
cells. Further, the individual microtubules within the network are dynamic and
the network is constantly changing. Although recent enlightening models have
revealed that themotion in cells can bewell-described by a subordinated random
walk, the combination of fundamental components for themolecularmechanism
are complex and still unknown. In order to better inform these models about the
activity of single motors within the network, we perform well-defined system-
atic experiments of processivemotors on anti-parallel or randomly-oriented fila-
ment bundles. Antiparallel bundles are created using MAP65 to crosslink
microtubules. Randomly-oriented bundles are created using depletion forces
from inert poly-ethylene glycol molecules in solution. We find that, kinesin
